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Description
TECHNICAL FIELD

[0001] This application relates to the field of information technologies, and in particular, to a data processing method
and a system.

BACKGROUND

[0002] In the fields of finance, e-commerce, public security, and the like, there are scenarios such as fraud surveillance,
accurate marketing recommendation, and crime and disaster forecast. In these scenarios, a user requires real-time
analysis and processing on data that enters a database. For example, in real-time risk control of financial transactions,
when each transaction is made, a risk control computing platform needs to calculate an aggregate value of all transactions
within a 56-day time window in real time while meeting a delay requirement of a millisecond level, including a total
transaction volume, a sum of squares of the transactions, a total quantity of the transactions, and the like. The aggregate
value is used for further complex analysis such as rule inference and model scoring. When data is generated, value of
the data decreases with time. Therefore, the data needs to be processed immediately when the data appears, instead
of being cached for batch processing, and real-timeness of data processing by the database is particularly important.
[0003] In addition, the data in the foregoing scenarios features a relatively large scale and continuous arrival, and the
features of the data pose a challenge to real-timeness of data processing. To process a large scale of continuous data
in real time, and provide a user with an aggregate value of data in a database in real time, the data in the database
needs to be aggregated before the database receives a query request. How to aggregate the data in the database to
ensure real-timeness of a query request for the aggregate value and accuracy of a query range is a problem to be
resolved urgently in a database system.

SUMMARY

[0004] According to a first aspect, an embodiment of this application provides a data processing method in a database.
The method includes: obtaining at least one piece of data, where each piece of data includes at least one attribute;
separately performing aggregation calculation, based on M aggregation intervals, on an attribute value of a first target
attribute of the at least one piece of data to obtain T data clusters, where the M aggregation intervals are different from
each other, each data cluster includes an aggregate value, the aggregate value of each data cluster is obtained by
performing aggregation calculation on the attribute value of the first target attribute based on an aggregation interval
corresponding to the data cluster, M is an integer greater than or equal to 2, and T > M; and storing the T data clusters.
[0005] The plurality of aggregation intervals are selected, and the atleast one piece of datain the database is aggregated
based on the plurality of aggregation intervals, so that the data clusters stored in the database have data ranges with
different attribute value spans. Therefore, when an aggregate value is queried based on a data cluster stored in the
database, real-timeness of aggregate value query is improved while accuracy of a query range is ensured.

[0006] With reference to the first aspect, in a first possible implementation of the first aspect, the method further
includes: presetting M aggregation layers, where each aggregation layer corresponds to one aggregation interval, the
T data clusters belong to the M aggregation layers, any two adjacent aggregation intervals of the M aggregation intervals
have a parent-child relationship, and a parent aggregation interval is an integer multiple of a child aggregation interval.
[0007] There is a plurality of methods for selecting the M aggregation intervals. Accuracy of the query range that can
be queried depends on a minimum aggregation interval, and a parent aggregation interval of the minimum aggregation
interval is used to further reduce time required for an aggregation operation, and improve the real-timeness of the
aggregate value query.

[0008] With reference to the first aspect or the first possible implementation of the first aspect, in a second possible
implementation of the first aspect, the obtaining at least one piece of data includes: receiving an Nt" piece of data in a
data stream, where N is an integer greater than or equal to 1; and the separately performing aggregation calculation,
based on M aggregation intervals, on an attribute value of a first target attribute of the at least one piece of data to obtain
T data clusters includes: determining, based on an attribute value of a first target attribute of the Nth piece of data, M
data clusters respectively corresponding to the Nt piece of data in the M aggregation layers; and if a data cluster
corresponding to the Nth piece of data in an mth aggregation layer has been generated in the database, refreshing an
aggregate value of the generated data cluster based on the attribute value of the first target attribute of the Nth piece of
data, where m is a variable with a value range of 1 < m < M; or if a data cluster corresponding to the Nt piece of data
in an mth aggregation layer has not been generated in the database, performing aggregation calculation on the attribute
value of the first target attribute of the Nth piece of data to generate a data cluster.

[0009] An aggregation operation is performed when each piece of data is received. Every time one piece of data is



10

15

20

25

30

35

40

45

50

55

EP 3 817 432 A1

received, only M aggregation operations need to be performed, reducing an aggregation operation calculation amount,
saving computing resources of a database system, and further improving real-timeness of query.

[0010] With reference to the first aspect or the first possible implementation of the first aspect, in a third possible
implementation of the first aspect, the obtaining at least one piece of data includes: obtaining at least one piece of data
stored in the database; and the separately performing aggregation calculation, based on M aggregation intervals, on an
attribute value of a first target attribute of the at least one piece of data to obtain T data clusters includes: performing
aggregation calculation on the attribute value of the first target attribute of the at least one piece of data based on an
mth aggregation interval to obtain an mth aggregation layer, where the mth aggregation layer includes at least one data
cluster, and m is a variable with a value range of 1 <m <M.

[0011] With reference to any one of the first to the third possible implementations of the first aspect, in a fourth possible
implementation of the first aspect, the method further includes: receiving a query request, where the query request
includes a query range; obtaining, through query, at least two data clusters from the M aggregation layers based on the
query range, where the at least two data clusters obtained through query belong to different aggregation layers, a data
range of each data cluster obtained through query intersects with the query range, and a union set of the data ranges
of all the data clusters obtained through query is the same as the query range; and performing aggregation calculation
on aggregate values included in the at least two data clusters obtained through query, to obtain a query result.

[0012] Querying matched data clusters in different aggregation layers further reduces the time required for the aggre-
gation operation and improves the real-timeness of the aggregate value query.

[0013] With reference to the fourth possible implementation of the first aspect, in a fifth possible implementation of the
first aspect, the obtaining, through query, at least two data clusters from the M aggregation layers based on the query
range specifically includes: obtaining, based on the query range and by performing matching layer by layer in descending
order starting from a first aggregation layer, a data cluster that matches the query range in each aggregation layer, where
the first aggregation layer is an aggregation layer with a largest aggregation interval.

[0014] With reference to any one of the first to the fifth possible implementations of the first aspect, in a sixth possible
implementation of the first aspect, each aggregation layer further includes an aggregation algorithm of each aggregation
layer.

[0015] With reference to any one of the first to the sixth possible implementations of the first aspect, in a seventh
possible implementation of the first aspect, each aggregation layer further includes a data cluster list, and the data cluster
list of each aggregation layer is used to store a data cluster included in the aggregation layer; and after the separately
performing aggregation calculation, based on M aggregation intervals, on an attribute value of a first target attribute of
the at least one piece of data to obtain T data clusters, the method further includes: updating a data cluster list of an
aggregation layer to which each data cluster belongs.

[0016] With reference to any one of the first to the seventh possible implementations of the first aspect, in an eighth
possible implementation of the first aspect, the method further includes: determining an index sequence number of each
data cluster, where the index sequence number of each data cluster is used to indicate an order of the current data
cluster in an aggregation layer to which the current data cluster belongs; and separately storing the index sequence
number of each data cluster.

[0017] With reference to any one of the first aspect or the first to the eighth possible implementations of the first aspect,
in a ninth possible implementation of the first aspect, the aggregation interval includes an aggregation time interval or
an aggregation count value interval.

[0018] With reference to any one of the first aspect or the first to the ninth possible implementations of the first aspect,
in a tenth possible implementation of the first aspect, the method further includes: setting a data channel, where the
data channel includes an aggregation start mark, a capacity of the data channel, and a list of aggregation layers included
in the data channel.

[0019] According to a second aspect, an embodiment of this application further provides a data processing method
in a database. The database is used to store a plurality of pieces of data, and each piece of data includes at least one
attribute. A data channel is set in the database, and the data channel includes M aggregation layers. Each aggregation
layer corresponds to one aggregation interval, and M aggregation intervals are different from each other. The method
includes: refreshing data clusters in the M aggregation layers when an Nth piece of data in a data stream enters the data
channel, where N is an integer greater than or equal to 1; and storing the M data clusters. The refreshing includes:
obtaining, based on an attribute value of a first target attribute of the Nth piece of data, M data clusters respectively
corresponding to the Nt piece of data in the M aggregation layers; and if a data cluster corresponding to the Nt piece
of data in an mth aggregation layer has been generated in the database, refreshing an aggregate value of the generated
data cluster based on the attribute value of the first target attribute of the Nth piece of data; or if a data cluster corresponding
to the Nth piece of data in an mth aggregation layer has not been generated in the database, performing aggregation
calculation based on the attribute value of the first target attribute of the Nt piece of data to generate a data cluster,
where m is a variable with a value range of 1 <m < M.

[0020] The plurality of aggregation intervals are selected, and the atleast one piece of datain the database is aggregated
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based on the plurality of aggregation intervals, so that the data clusters stored in the database have data ranges with
different attribute value spans. Therefore, when an aggregate value is queried based on a data cluster stored in the
database, real-timeness of aggregate value query is improved while accuracy of a query range is ensured. An aggregation
operation is performed when each piece of data enters the data channel. Every time one piece of data is received, only
M aggregation operations need to be performed, reducing an aggregation operation calculation amount, saving computing
resources of a database system, and further improving real-timeness of query.

[0021] With reference to the second aspect, in a first possible implementation of the second aspect, the data channel
further includes an aggregation start mark and capacity information, and the method further includes: determining a data
range of the data channel based on the aggregation start mark and a capacity of the data channel, and performing a
step of refreshing the data clusters in the M aggregation layers after determining that an attribute value of a second
target attribute of the Nth piece of data belongs to the data range of the data channel.

[0022] Actually, a service requirement usually focuses only on an aggregate value of data that belongs to a specific
data range in the database. The aggregation start mark and the capacity information of the data channel limit an amount
of data that enters the data channel, reducing consumption of computing and storage resources of the database system.
[0023] With reference to the first possible implementation of the second aspect, in a second possible implementation
of the second aspect, the method further includes: when the capacity information of the data channel and/or the aggre-
gation start mark of the data channel is refreshed, deleting an aged data cluster in the M aggregations based on refreshed
capacity information of the data channel or a refreshed aggregation start mark of the data channel.

[0024] Further, in some scenarios, the data range of the data channel changes with time or an amount of data that
enters the database. With a change of the data range of the data channel, an aged data cluster appears in the data
channel. Deleting the aged data cluster may further reduce consumption of the computing and storage resources of the
database system.

[0025] With reference to any one of the second aspect or the first or the second possible implementation of the second
aspect, in a third possible implementation of the second aspect, each aggregation layer includes a list of data clusters
included in the aggregation layer. After the performing aggregation calculation based on the attribute value of the first
target attribute of the Nth piece of data to generate a data cluster, the method further includes: updating a data cluster
list of the mth aggregation layer.

[0026] With reference to any one of the second aspect or the first to the third possible implementations of the second
aspect, in a fourth possible implementation of the second aspect, the method further includes: determining an index
sequence number of each of the M data clusters, where the index sequence number of each data cluster is used to
indicate an order of the current data cluster in an aggregation layer to which the current data cluster belongs; and
separately storing the index sequence number of each data cluster.

[0027] With reference to any one of the second aspect or the first to the fourth possible implementations of the second
aspect, in a fifth possible implementation of the second aspect, the database stores T data clusters, where the T data
clusters are obtained by separately performing aggregation calculation on an attribute value of a first target attribute of
the at least one piece of data based on the M aggregation intervals, the T data clusters belong to the M aggregation
layers, and T > M. The method further includes: receiving a query request, where the query request includes a query
range; obtaining, through query, at least two of the T data clusters from the M aggregation layers based on the query
range, where the at least two data clusters obtained through query belong to different aggregation layers, a data range
of each data cluster obtained through query intersects with the query range, and a union set of the data ranges of all
the data clusters obtained through query is the same as the query range; and performing aggregation calculation on
aggregate values included in the at least two data clusters obtained through query, to obtain a query result.

[0028] Querying matched data clusters in different aggregation layers further reduces time required for the aggregation
operation and improves the real-timeness of the aggregate value query.

[0029] With reference to the fifth possible implementation of the second aspect, in a sixth possible implementation of
the second aspect, the obtaining, through query, at least two of the T data clusters from the M aggregation layers based
on the query range specifically includes: obtaining, based on the query range and by performing matching layer by layer
in descending order starting from a firstaggregation layer, a data cluster that matches the query range in each aggregation
layer, where the first aggregation layer is an aggregation layer with a largest aggregation interval.

[0030] With reference to any one of the second aspect or the first to the sixth possible implementations of the second
aspect, in a seventh possible implementation of the second aspect, the aggregation interval includes an aggregation
time interval or an aggregation count value interval.

[0031] According to a third aspect, an embodiment of this application provides a data processing device, where the
device includes a data obtaining unit, an obtaining unit, and a storage unit. The obtaining unit is configured to obtain at
least one piece of data, where each piece of data includes at least one attribute. The obtaining unit is configured to
separately perform aggregation calculation, based on M aggregation intervals, on an attribute value of a first target
attribute of the at least one piece of data to obtain T data clusters, where the M aggregation intervals are different from
each other, each data cluster includes an aggregate value, the aggregate value of each data cluster is obtained by
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performing aggregation calculation on the attribute value of the first target attribute based on an aggregation interval
corresponding to the data cluster, M is an integer greater than or equal to 2, and T > M. The storage unit is configured
to store the T data clusters.

[0032] The plurality of aggregation intervals are selected, and the atleast one piece of data in a database is aggregated
based on the plurality of aggregation intervals, so that the data clusters stored in the database have data ranges with
different attribute value spans. Therefore, when an aggregate value is queried based on a data cluster stored in the
database, real-timeness of aggregate value query is improved while accuracy of a query range is ensured.

[0033] With reference to the third aspect, in a first possible implementation of the third aspect, the obtaining unit is
further configured to preset M aggregation layers, where each aggregation layer corresponds to one aggregation interval,
the T data clusters belong to the M aggregation layers, any two adjacent aggregation intervals of the M aggregation
intervals have a parent-child relationship, and a parent aggregation interval is an integer multiple of a child aggregation
interval.

[0034] There is a plurality of methods for selecting the M aggregation intervals. Accuracy of the query range that can
be queried depends on a minimum aggregation interval, and a parent aggregation interval of the minimum aggregation
interval is used to further reduce time required for an aggregation operation, and improve the real-timeness of the
aggregate value query.

[0035] With reference to the third aspect or the first possible implementation of the third aspect, in a second possible
implementation of the third aspect, that the obtaining unit is configured to obtain at least one piece of data includes:
receiving an Nth piece of data in a data stream, where N is an integer greater than or equal to 1; and that the obtaining
unit is configured to separately perform aggregation calculation, based on M aggregation intervals, on an attribute value
of a first target attribute of the at least one piece of data to obtain T data clusters includes: determining, based on an
attribute value of a first target attribute of the Nth piece of data, M data clusters respectively corresponding to the Nth
piece of data in the M aggregation layers; and if a data cluster corresponding to the Nth piece of data in an mth aggregation
layer has been generated in the database, refreshing an aggregate value of the generated data cluster based on the
attribute value of the first target attribute of the Nth piece of data, where m is a variable with a value range of 1 <m < M;
or if a data cluster corresponding to the Nt piece of data in an mth aggregation layer has not been generated in the
database, performing aggregation calculation on the attribute value of the first target attribute of the Nth piece of data to
generate a data cluster.

[0036] An aggregation operation is performed when each piece of data is received. Every time one piece of data is
received, only M aggregation operations need to be performed, reducing an aggregation operation calculation amount,
saving computing resources of a database system, and further improving real-timeness of query.

[0037] With reference to the third aspect or the first possible implementation of the third aspect, in a third possible
implementation of the third aspect, that the obtaining unit is configured to obtain at least one piece of data includes:
obtaining at least one piece of data stored in the database; and that the obtaining unit is configured to separately perform
aggregation calculation, based on M aggregation intervals, on an attribute value of a first target attribute of the at least
one piece of data to obtain T data clusters includes: performing aggregation calculation on the attribute value of the first
target attribute of the at least one piece of data based on an mth aggregation interval to obtain an mth aggregation layer,
where the mth aggregation layer includes at least one data cluster, and m is a variable with a value range of 1 <m < M.
[0038] With reference to any one of the first to the third possible implementations of the third aspect, in a fourth possible
implementation of the third aspect, the device further includes a query unit. The query unit is configured to: receive a
query request, where the query request includes a query range; obtain, through query, at least two data clusters from
the M aggregation layers based on the query range, where the at least two data clusters obtained through query belong
to different aggregation layers, a data range of each data cluster obtained through query intersects with the query range,
and a union set of the data ranges of all the data clusters obtained through query is the same as the query range; and
perform aggregation calculation on aggregate values included in the at least two data clusters obtained through query,
to obtain a query result.

[0039] Querying matched data clusters in different aggregation layers further reduces the time required for the aggre-
gation operation and improves the real-timeness of the aggregate value query.

[0040] With reference to the fourth possible implementation of the third aspect, in a fifth possible implementation of
the third aspect, that the query unitis configured to obtain, through query, at least two data clusters from the M aggregation
layers based on the query range specifically includes: obtaining, based on the query range and by performing matching
layer by layer in descending order starting from a first aggregation layer, a data cluster that matches the query range in
each aggregation layer, where the first aggregation layer is an aggregation layer with a largest aggregation interval.
[0041] With reference to any one of the first to the fifth possible implementations of the third aspect, in a sixth possible
implementation of the third aspect, each aggregation layer further includes an aggregation algorithm of each aggregation
layer.

[0042] With reference to any one of the first to the sixth possible implementations of the third aspect, in a seventh
possible implementation of the third aspect, each aggregation layer further includes a data cluster list, and the data
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cluster list of each aggregation layer is used to store a data cluster included in the aggregation layer; and after the
separately performing aggregation calculation, based on M aggregation intervals, on an attribute value of a first target
attribute of the at least one piece of data to obtain T data clusters, the obtaining unit is further configured to update a
data cluster list of an aggregation layer to which each data cluster belongs.

[0043] With reference to any one of the first to the seventh possible implementations of the third aspect, in an eighth
possible implementation of the third aspect, the storage unit is further configured to: determine an index sequence
number of each data cluster, where the index sequence number of each data cluster is used to indicate an order of the
current data cluster in an aggregation layer to which the current data cluster belongs; and separately store the index
sequence number of each data cluster.

[0044] With reference to any one of the third aspect or the first to the eighth possible implementations of the third
aspect, in a ninth possible implementation of the third aspect, the aggregation interval includes an aggregation time
interval or an aggregation count value interval.

[0045] With reference to any one of the third aspect or the first to the ninth possible implementations of the third aspect,
in a tenth possible implementation of the third aspect, the obtaining unit is further configured to set a data channel, where
the data channel includes an aggregation start mark, a capacity of the data channel, and a list of aggregation layers
included in the data channel.

[0046] According to a fourth aspect, an embodiment of this application further provides a data processing device. The
data processing device is configured to process at least one piece of data in a database, where each piece of data
includes at least one attribute. A data channel is set in the database, and the data channel includes M aggregation
layers. Each aggregation layer corresponds to one aggregation interval, and M aggregation intervals are different from
each other. The device includes a data obtaining unit, an obtaining unit, and a storage unit. The obtaining unit is configured
to obtain an Nt piece of data in a data stream that enters the data channel. The obtaining unit is configured to refresh
data clusters in the M aggregation layers, where N is an integer greater than or equal to 1. The refreshing includes:
obtaining, based on an attribute value of a first target attribute of the Nth piece of data, M data clusters respectively
corresponding to the Nt piece of data in the M aggregation layers; and if a data cluster corresponding to the Nth piece
of data in an mth aggregation layer has been generated in the database, refreshing an aggregate value of the generated
data cluster based on the attribute value of the first target attribute of the Nth piece of data; or if a data cluster corresponding
to the Nth piece of data in an mth aggregation layer has not been generated in the database, performing aggregation
calculation based on the attribute value of the first target attribute of the Nth piece of data to generate a data cluster,
where m is a variable with a value range of 1 < m < M. The storage unit is configured to store the M data clusters.
[0047] The plurality of aggregation intervals are selected, and the atleast one piece of datain the database is aggregated
based on the plurality of aggregation intervals, so that the data clusters stored in the database have data ranges with
different attribute value spans. Therefore, when an aggregate value is queried based on a data cluster stored in the
database, real-timeness of aggregate value query is improved while accuracy of a query range is ensured. An aggregation
operation is performed when each piece of data enters the data channel. Every time one piece of data is received, only
M aggregation operations need to be performed, reducing an aggregation operation calculation amount, saving computing
resources of a database system, and further improving real-timeness of query.

[0048] With reference to the fourth aspect, in a first possible implementation of the fourth aspect, the data channel
further includes an aggregation start mark and capacity information. The obtaining unitis further configured to: determine
a data range of the data channel based on the aggregation start mark and a capacity of the data channel, and perform
a step of refreshing the data clusters in the M aggregation layers after determining that an attribute value of a second
target attribute of the Nth piece of data belongs to the data range of the data channel.

[0049] Actually, a service requirement usually focuses only on an aggregate value of data that belongs to a specific
data range in the database. The aggregation start mark and the capacity information of the data channel limit an amount
of data that enters the data channel, reducing consumption of computing and storage resources of the database system.
[0050] With reference to the first possible implementation of the fourth aspect, in a second possible implementation
of the fourth aspect, the storage unit is further configured to: refresh the capacity information of the data channel or the
aggregation start mark of the data channel; and delete an aged data cluster in the M aggregations based on refreshed
capacity information of the data channel or a refreshed aggregation start mark of the data channel.

[0051] Further, in some scenarios, the data range of the data channel changes with time or an amount of data that
enters the database. With a change of the data range of the data channel, an aged data cluster appears in the data
channel. Deleting the aged data cluster may further reduce consumption of the computing and storage resources of the
database system.

[0052] With reference to any one of the fourth aspect or the first or the second possible implementation of the fourth
aspect, in a third possible implementation of the fourth aspect, each aggregation layer includes a list of data clusters
included in the aggregation layer. After the performing aggregation calculation based on the attribute value of the first
target attribute of the Nth piece of data to generate a data cluster, the storage unit is further configured to update a data
cluster list of the mth aggregation layer.
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[0053] With reference to any one of the fourth aspect or the first to the third possible implementations of the fourth
aspect, in a fourth possible implementation of the fourth aspect, the storage unit is further configured to determine an
index sequence number of each of the M data clusters, where the index sequence number of each data cluster is used
to indicate an order of the current data cluster in an aggregation layer to which the current data cluster belongs; and the
storage unit is further configured to separately store the index sequence number of each data cluster.

[0054] With reference to any one of the fourth aspect or the first to the fourth possible implementations of the fourth
aspect, in a fifth possible implementation of the fourth aspect, the database stores T data clusters, where the T data
clusters are obtained by separately performing aggregation calculation on an attribute value of a first target attribute of
the at least one piece of data based on the M aggregation intervals, the T data clusters belong to the M aggregation
layers, and T > M. The device further includes a query unit, and the query unit is configured to: receive a query request,
where the query request includes a query range; obtain, through query, at least two of the T data clusters from the M
aggregation layers based on the query range, where the at least two data clusters obtained through query belong to
different aggregation layers, a data range of each data cluster obtained through query intersects with the query range,
and a union set of the data ranges of all the data clusters obtained through query is the same as the query range; and
perform aggregation calculation on aggregate values included in the at least two data clusters obtained through query,
to obtain a query result.

[0055] Querying matched data clusters in different aggregation layers further reduces time required for the aggregation
operation and improves the real-timeness of the aggregate value query.

[0056] With reference to the fifth possible implementation of the fourth aspect, in a sixth possible implementation of
the fourth aspect, that the query unit is configured to obtain, through query, at least two of the T data clusters from the
M aggregation layers based on the query range specifically includes: obtaining, based on the query range and by
performing matching layer by layer in descending order starting from a first aggregation layer, a data cluster that matches
the query range in each aggregation layer, where the first aggregation layer is an aggregation layer with a largest
aggregation interval.

[0057] With reference to any one of the fourth aspect or the first to the sixth possible implementations of the fourth
aspect, in a seventh possible implementation of the fourth aspect, the aggregation interval includes an aggregation time
interval or an aggregation count value interval.

[0058] According to a fifth aspect, an embodiment of this application provides a computing device. The computing
device includes a processorand a memory, and the processor executes a program instruction in the memory to implement
the various methods in the first aspect.

[0059] According to a sixth aspect, an embodiment of this application provides a computing device. The computing
device includes a processorand a memory, and the processor executes a program instruction in the memory to implement
the various methods in the second aspect.

[0060] According to a seventh aspect, an embodiment of this application provides a computer program product and
a non-volatile computer readable storage medium, where the computer program product and the non-volatile computer
readable storage medium include a computer instruction, and a computing device executes the computer instruction to
implement the various methods in the first aspect of the embodiments of this application.

[0061] According to an eighth aspect, an embodiment of this application provides a computer program product and a
non-volatile computer readable storage medium, where the computer program product and the non-volatile computer
readable storage medium include a computer instruction, and a computing device executes the computer instruction to
implement the various methods in the second aspect of the embodiments of this application.

BRIEF DESCRIPTION OF DRAWINGS
[0062]

FIG. 1a is a schematic diagram of a database system according to an embodiment of this application;

FIG. 1b is a schematic diagram of a relational database according to an embodiment of this application;

FIG. 2a is a schematic diagram of performing an aggregation operation on at least one piece of data according to
an embodiment of this application;

FIG. 2bis another schematic diagram of performing an aggregation operation on at least one piece of data according
to an embodiment of this application;

FIG. 3a is a schematic diagram of a method for obtaining T data clusters by performing aggregation calculation
based on M aggregation intervals according to an embodiment of this application;

FIG. 3bis a schematicdiagram of adata channel in a database system according to an embodiment of this application;
FIG. 4 is a schematic diagram of a method for selecting a group of data clusters based on a query request according
to an embodiment of this application;

FIG. 5 is a schematic diagram of a controller according to an embodiment of this application;
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FIG. 6 is a schematic diagram of another controller according to an embodiment of this application; and
FIG. 7 is a schematic diagram of a computing device according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0063] A database (Database) is a warehouse in which data is organized, stored, and managed. A database system
in embodiments of this application is a database system 100 shown in FIG. 1a. A database 110 in the database system
100 includes an interface unit 111, a controller 112, and a storage unit 113. The interface unit 111 provides an interface
for interaction between the database 110 and an external device.

[0064] Data is written into the database 110 by using the interface unit 111, and the external device reads, by using
the interface unit 111, the data stored in the database 110. In addition, the interface unit 111 also receives an instruction
or a request from the external device, to perform a related operation on the data stored in the database 110. The data
written by using the interface unit 111 includes service data and the like. When the interface unit 111 receives an
instruction, a request, or data from the external device, the controller 112 performs a corresponding instruction operation
based on the received instruction, request, or data, for example, stores data or queries data. The storage unit 113 is
configured to store the data that is written into the database 110 by using the interface unit 111. In a process in which
the controller 112 writes data into the storage unit 113, related data for writing the data may be further generated.
Optionally, the storage unit 113 may be further configured to store the related data for writing the data. In the embodiments
of this application, the external device in the embodiments of this application may be a client, an application program,
or any functional module that interacts with the database, and is not limited to a computing device independent of a
computing device to which the database belongs. The external device and the database may be deployed in a same
computing device, and this is not limited in the embodiments of this application.

[0065] Optionally, in addition to the database 110, the database system further includes at least one database and a
database manager. For example, in FIG 1a, only a database 120 and a database manager 130 are drawn. In this case,
the database system 100 is a distributed database. When the database system 100 is a distributed database, the
database system 100 includes at least two databases. Architectures of the databases are the same as that of the
foregoing database 110. The databases are located in different computing devices, and the different computing devices
may be deployed in a same equipment room, or may be deployed at different places. The databases in the different
computing devices are connected to each other through a network, to form the database system 100. The database
manager 130 manages and schedules the databases in the database system 100. For example, after receiving data or
an instruction, the database manager 130 delivers the received data or instruction to at least one database, so that a
controller in the at least one database receives and stores the data or performs an instruction operation by using the
interface unit.

[0066] Optionally, a database in the database system 100 may be a relational database 140 shown in FIG. 1b. The
relational database 140 is constructed by using a structured query language (Structured Query Language, SQL), and
an access request and an instruction of the relational database 140 are SQL-based. As shown in FIG. 1b, the interface
unit is a connection pool 141. The connection pool 141 manages an access connection by the external device to the
relational database 140, including allocation, release, and the like of a connection. The connection pool 141 receives
an access request from the external device, and allocates a connection to the external device. A controller 114 includes
a query planner (Query Planner) 142 and a storage engine (Storage Engine) 143. The query planner converts an SQL-
based access request or instruction into fast-executing code, and executes the converted code. Optionally, the query
planner includes an SQL interface, a query parser (Query Parser), a query optimizer (Query Optimizer), and a query
executor (Query Executor). The SQL interface is configured to receive an SQL access request or instruction. The query
parser is configured to check whether the SQL access request or instruction is legal. The query optimizer is configured
to optimize the SQL access request or instruction, enabling relatively high execution efficiency of the SQL access request
orinstruction. The query executor is configured to compile and execute the code converted from the SQL access request
or instruction. The storage engine 143 is configured to store data related to the code into a file system 144 based on
the converted code. The file system 144 is the storage unit 113 in FIG 1a. In the relational database 140, data is stored
in the file system 144 in a form of a file based on a specific data structure.

[0067] A datastream is a series of dynamic data aggregations that are infinite in terms of time distribution and quantity.
Usually, the database 110 receives data in adata stream, and processes the data in the data stream, where the processing
includes storage, aggregation, and the like. The data stored in the database 110 includes data that has at least one
attribute. The data that has at least one attribute is also referred to as structured data. The data attribute is used to
record a value of the data in terms of a specific dimension, namely, an attribute value. In an example of real-time risk
control of financial transactions, data of each transaction is stored in the database system, and data used to indicate
one transaction generally has a plurality of dimension values, including time of transaction generation, a transaction
volume, a transaction account, an operator who performs a transaction, and the like. Therefore, a timestamp indicating
the time of transaction generation, magnitude of the transaction volume, an identifier of the transaction account, and a
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name of the operator are correspondingly recorded in a transaction time attribute, a transaction volume attribute, a
transaction account attribute, and an operator attribute of the transaction data. One piece of data that has at least one
attribute may be understood as one row in a bi-dimensional table that has at least one column. Each column in the bi-
dimensional table is an attribute of the piece of data, and an attribute value of each attribute is a value in a corresponding
column in the row.

[0068] Querying an aggregate value of the data in the database system is an important function of the database
system. The following describes aggregation calculation and the aggregate value. One group of to-be-aggregated data
is a group of data that has at least one attribute, and aggregating the group of data means aggregating one attribute of
the group of data. In the embodiments of this application, when the aggregation calculation is performed, an attribute
selected from at least one attribute of data is referred to as a first target attribute. The first target attribute may also be
referred to as an aggregation attribute or the like, and this is not limited in the embodiments of this application. Specifically,
one group of to-be-aggregated data has one corresponding group of attribute values of the first target attribute, and
performing aggregation calculation on the attribute values of the first target attribute of this group of data means performing
calculation on one group of attribute values of the first target attribute corresponding to this group of data, to obtain a
value from the group of attribute values of the first target attribute. The group of attribute values of the first target attribute
is one group of attribute values.

[0069] Correspondingly, the value obtained from the group of attribute values is an aggregate value obtained by
performing aggregation calculation on the attribute values of the first target attribute. An operation of obtaining the
aggregate value from the group of attribute values includes but is not limited to statistical calculation and arithmetic
calculation. In other words, an aggregation operation has a plurality of algorithms. The statistical calculation includes
but is not limited to counting. The arithmetic calculation includes but is not limited to summation, getting a most value
(which may be a maximum value or a minimum value), getting a median, getting an average, and the like. The first target
attribute in the embodiments of this application refers to one of at least one attribute on which aggregation calculation
is performed when the aggregation calculation is performed on one group of data that has the at least one attribute. In
other words, in the at least one attribute that the data has, an attribute whose attribute value needs to be subject to
aggregation calculation is the first target attribute.

[0070] The following describes aggregation calculation by using an example.

[0071] Counting aggregation calculation is used as an example. The aggregation calculation, namely, counting, may
yield a total amount of data included in the group of data. Counting is performed on an attribute value of any attribute
of this group of data, counting a total quantity of attribute values included in the group of attribute values, namely, a total
amount of the data included in the group of data, or an aggregate value obtained through the aggregation calculation.
When the aggregation calculation is counting, the first target attribute may be any attribute that one group of to-be-
aggregated data has. For example, a database system that records violation information has a function of querying a
total quantity of violation vehicles within a specific period of time. The total quantity of violation vehicles is an aggregate
value obtained by counting attribute values of any attribute of one group of violation data within a specific period of time
stored in the database system.

[0072] Getting the most value in aggregation calculation is used as an example. The aggregation calculation, namely,
getting the most value may yield the most value in a group of attribute values of the first target attribute corresponding
to the group of data. Getting the most value is performed on the attribute value of the first target attribute of the group
of data, and the first target attribute may be one of the at least one attribute that the data has. For example, a database
system that records bank transaction information has a function of querying a maximum volume of several transactions.
A transaction volume is selected as the first target attribute, and a maximum volume is an aggregate value obtained by
performing aggregation calculation on the attribute value of the first target attribute, namely, the transaction volume, of
one group of transaction data in the several transactions stored in the database system.

[0073] For brevity of description, in the embodiments of this application, aggregation calculation on one group of data
refers to aggregation calculation on an attribute value of a first target attribute of the group of data. An aggregate value
of the group of data is an aggregate value obtained by performing aggregation calculation on the attribute value of the
first target attribute of the group of data. This is not described in the following again.

[0074] In many cases, out of a service requirement, for example, real-time monitoring of vehicle violation behavior or
analysis of bank transaction behavior, an aggregate value of a large amount of data entering a database system needs
to be obtained in real time. However, with the development of technologies, a scale of a database system is becoming
increasingly large, so is an amount of service data entering a database system. After receiving a request for querying
one group of data in the system, the database system needs to traverse a large amount of data stored in the system to
obtain the group of data to be aggregated, and then perform aggregation calculation on the group of data. Traversal
and aggregation of a large amount of data result in a relatively long query delay, and affect real-timeness of aggregate
value query in the database system.

[0075] Based on this, an embodiment of this application provides a data processing method. At least one piece of
data stored in a database is considered as a union set of a plurality of groups of data, and aggregate values of the groups
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of data are separately calculated. When an aggregate value of the at least one piece of data needs to be queried, the
aggregate values of the groups of data are aggregated to obtain the aggregate value of the at least one piece of data.
Specifically, the database performs aggregation calculation on an attribute value of a first target attribute of the at least
one piece of stored data based on an aggregation interval.

[0076] The following describes the aggregation interval. An attribute value of a second target attribute of the at least
one piece of data corresponds to a data range, for example, each piece of data in a bank database system has a
generation time attribute, and an attribute value of the generation time attribute is a timestamp when each piece of data
is generated. Therefore, a data range that the attribute value of the generation time of at least one piece of data in the
bank database system has is arange of the generation time of the atleast one piece of data. The data range corresponding
to the attribute value of the second target attribute of the at least one piece of data may be considered as a union set
of a plurality of sub-ranges. Attribute values of all sub-ranges have a same span, each sub-range corresponds to one
group of data that constitutes the at least one piece of data, and an attribute value of the second target attribute of each
group of data belongs to a corresponding sub-range. Data in a bank database system is still used as an example. If the
generation time of the at least one piece of data ranges from October 1 to October 30, the range from October 1 to
October 30 may be considered as a union set of three ranges: October 1 to October 10, October 11 to October 20, and
October 21 to October 30.

[0077] Correspondingly, each of the three ranges corresponds to one group of data, and a timestamp of generation
time of each group of data belongs to a corresponding range. The aggregation interval is an attribute value span of each
sub-range, and is used to determine data included in each group of data whose aggregate value is to be calculated. For
the second target attribute in this embodiment of this application, aggregation calculation is performed, based on a sub-
range to which an attribute value of the second target attribute of data belongs, on one group of data that has at least
two attributes. In other words, in the at least two attributes that the data has, an attribute that is used to determine, based
on an attribute value of the attribute, a sub-range to which the attribute belongs is the second target attribute.

[0078] Aggregate values of a plurality of groups of data that constitute the at least one piece of data are calculated in
advance. When an aggregate value of the data in the database needs to be queried, only the aggregate values of the
plurality of groups of data need to be traversed, and the aggregate values of the groups of data are aggregated to obtain
the aggregate value of the at least one piece of data. This reduces a data volume to be traversed and aggregated when
the aggregate value of the data is queried, and increases a query speed.

[0079] Optionally, the aggregation interval may be an aggregation time interval or an aggregation count value interval.
Bank transaction data is used as an example. The bank transaction data has a timestamp and a count order. The
timestamp indicates time of transaction data generation, and a count order field indicates an order of one piece of data
in data of a system. The count order may be an order in which the piece of data is generated or an order in which the
piece of data enters the system. If the aggregation interval is an aggregation time interval, for example, an aggregation
time interval of five minutes, a plurality of pieces of bank transaction data may be considered, based on timestamps of
the transaction data, as a union set of a plurality of groups of 0:00-0:04, 0:05-0:9, 0:10-0:14, ..., and aggregation calculation
may be performed on an attribute value of a first target attribute of bank transaction data in each group. If the aggregation
interval is an aggregation count value interval, for example, an interval of 20, a plurality of pieces of bank transaction
data may be considered, based on count values of the transaction data, as a union set of a plurality of groups of 1-20,
21-40, 41-60, ..., and aggregation calculation may be performed on an attribute value of a first target attribute of bank
transaction data in each group.

[0080] A plurality of aggregate values obtained by performing aggregation calculation on the attribute value of the first
target attribute of the at least one piece of data based on the aggregation interval may be respectively recorded in a
plurality of data clusters. Each data cluster includes one aggregate value, and the aggregate value is obtained by
calculating the attribute value of the first target attribute based on the aggregation interval. Data of the aggregate value
obtained by performing aggregation calculation is one group of data obtained from at least one piece of data based on
the aggregation interval. Each data cluster has a corresponding data range, and the data cluster includes the aggregate
value of data of the corresponding data range to which the attribute value of the second target attribute belongs. For the
method for obtaining a plurality of aggregate values based on the aggregation interval, refer to the foregoing description
of the aggregation interval. Details are not described herein again.

[0081] When the database receives a query request that includes a query range, a to-be-queried aggregate value
may be obtained by calculating the aggregate values of a plurality of data clusters. Generally, the query request includes
the query range. The query range is a data range of the second target attribute of to-be-aggregated data. After receiving
the query request, the database traverses the stored data clusters, and selects at least one data cluster that matches
the query range, where the query range is constituted by a data range corresponding to the attribute value of the second
target attribute of the at least one matched data cluster. Aggregation calculation is performed on the aggregate value
included in the at least one matched data cluster to obtain an aggregate value of the attribute value of the first target
attribute of the to-be-aggregated data.

[0082] FIG. 2a is a schematic diagram of performing aggregation calculation on an attribute value of a first target
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attribute of at least one piece of data based on an aggregation interval. Each aggregate value obtained by performing
aggregation calculation is separately recorded in each data cluster. In FIG. 2a, for ease of drawing, at least one piece
of data is arranged and drawn in order based on an attribute value of a second target attribute. Actually, at least one
piece of data in a database may be stored in a storage medium or a storage device in various orders. An arranging order
shown in FIG. 2a does not constitute a limitation on a storage manner of the at least one piece of data. A data range of
the second target attribute is divided, based on the aggregation interval, into a plurality of data sub-ranges that are
continuous and do not intersect with each other. Each data sub-range corresponds to one data cluster, and is used to
record the aggregate value of data of each data sub-range in the at least one piece of data.

[0083] As shown in FIG. 2a, each piece of data in the at least one piece of data belongs to one data range based on
the aggregation interval and the attribute value of the second target attribute. A span of each data range is the aggregation
interval. Based on the aggregation interval, the attribute value of the first target attribute of the at least one piece of data
is aggregated to obtain a data cluster A1, adata cluster A2, a data cluster A3, ..., and a data cluster An, which respectively
include an aggregate value a1, an aggregate value a2, an aggregate value a3, ..., and an aggregate value an. Each
aggregate value is obtained by performing aggregation calculation on the attribute value of the first target attribute of
corresponding data, and data included in the data range is data of the data range of the data cluster to which the attribute
value of the second target attribute in the at least one piece of data belongs.

[0084] To-be-aggregated data may be determined based on a query range, and the to-be-aggregated data is shown
in the shadow in FIG 2a. Based on the aggregation interval, the query range is constituted by a data range 1, a data
range 2, and a data range 3. Therefore, the to-be-aggregated data may be considered to be constituted by three groups
of data corresponding to the three data ranges. The aggregate values a1, a2, and a3 of the three groups of data may
be obtained by querying the data cluster A1, the data cluster A2, and the data cluster A3. The aggregate value of the
to-be-aggregated data may be obtained by performing aggregation calculation on a1, a2, and a3, without a need to
traverse the at least one piece of data.

[0085] It may be learned from FIG. 2a that, to calculate the aggregate value of the to-be-aggregated data based on
aggregate values of several data clusters, the query range needs to be exactly a union set of several data ranges. In
other words, an attribute value span of the query range needs to be an integer multiple of the aggregation interval. A
requirement for the attribute value span of the query range brings the following problems. In many cases, for data
analysis, the aggregate value in an exact query range needs to be calculated. The aggregation interval needs to be
smaller as the query range becomes more exact, because if the aggregation interval has an excessively large value,
the attribute value span of the query range cannot be exactly divided by the aggregation interval; to be specific, the
aggregate value of the to-be-aggregated data cannot be calculated based on aggregate values of several data clusters.
For example, for a database used for a banking system, the query range for which real-time aggregation calculation is
performed needs to be as exact as a minute. For example, to calculate a total amount of data from one hour 11 minutes
to three hours 56 minutes, a maximum grouping interval is one minute, a grouping interval greater than one minute may
cause the query range unable to be split into query ranges corresponding to n aggregate values. However, selecting a
relatively small grouping interval for implementing an exact query range may result in a large quantity of aggregate
values corresponding to the query range. When the database receives a query request, querying a large quantity of
aggregate values also affects real-timeness of the query.

[0086] Based on this, this embodiment of this application further provides a method for improving real-timeness of
aggregate value query while ensuring accuracy of a query range. M aggregation intervals are selected, and aggregation
calculation is separately performed on the attribute value of the first target attribute of the at least one piece of data to
obtain T data clusters. One group of data clusters may be obtained based on one aggregation interval, and then M
groups of data clusters may be obtained based on M aggregation intervals. T data clusters correspond to T data ranges,
and the T data ranges have M different attribute value spans. When the aggregate value of the to-be-aggregated data
is queried, matched data clusters are selected from different data cluster groups, and the query range is constituted by
the data ranges that have different attribute value spans.

[0087] FIG. 2b is a schematic diagram of performing aggregation calculation on an attribute values of a first target
attribute of at least one piece of data based on a plurality of aggregation intervals. For example, a value of M in FIG 2b
is 2. Actually, the value of M may be any integer, and is not limited in this embodiment of this application.

[0088] In FIG 2b, the attribute value of the first target attribute of the at least one piece of data is aggregated based
on an aggregation interval 1 corresponding to an aggregation layer 1, to obtain a data cluster A1, a data cluster A2, a
data cluster A3, ..., and a data cluster An. The attribute value of the first target attribute of the at least one piece of data
is aggregated based on an aggregation interval 2 corresponding to an aggregation layer 2, to obtain a data cluster B1, ...,
a data cluster Bm-1, and a data cluster Bm.

[0089] Each aggregate value is obtained by performing aggregation calculation on the attribute value of the first target
attribute of corresponding data. Data included in a query range may be determined based on the query range, and the
dataincluded in the query rangeis shown in the shadow in FIG 2b. Based on the aggregationinterval 1 and the aggregation
interval 2, the query range is a union set of data ranges of the data cluster B1 and the data cluster A3. Therefore, the
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data included in the query range is constituted by data included in the two data ranges. Therefore, the data cluster B1
and the data cluster A3 are obtained based on the query range, and aggregate values of to-be-aggregated data may
be obtained by performing aggregation calculation on an aggregate value bl and an aggregate value a3. Selecting a
plurality of aggregation intervals for aggregation may further reduce time required for aggregate value calculation and
improve real-timeness of aggregate value query while ensuring accuracy of a query range.

[0090] Specifically, when aggregation calculation is separately performed on the attribute value of the first target
attribute of the at least one piece of data based on M aggregation intervals to obtain T data clusters, the aggregation
calculation is performed on the attribute value of the first target attribute of the at least one piece of data based on an
mth aggregation interval and in any order of the M aggregation intervals to obtain at least one data cluster that belongs
to an mth aggregation layer, until all the T data clusters that belong to M aggregation layers are obtained, where m is a
variable, 1 <m < M, and the mth aggregation layer includes the at least one data cluster.

[0091] In this embodiment of this application, a data cluster group to which a group of data clusters obtained based
on one aggregation interval belongs is referred to as an aggregation layer. T data clusters belong to M aggregation
layers, and each aggregation layer corresponds to one aggregation interval. Each data cluster that belongs to a same
aggregation layer includes an aggregate value obtained by performing aggregation calculation on the attribute value of
the first target attribute based on the aggregation interval of the aggregation layer to which the data cluster belongs, and
all the data clusters that belong to the same aggregation layer have different data ranges. As shown in FIG. 2b, the data
cluster B1, ..., the data cluster Bm-1, and the data cluster Bm belong to an aggregation layer 2; and the data cluster A1,
the data cluster A2, the data cluster A3, ..., and the data cluster An belong to an aggregation layer 1. In this embodiment
of this application, there is a plurality of methods for selecting the M aggregation intervals based on a specific service
requirement. The following describes a method for selecting the M aggregation intervals.

[0092] The M aggregation intervals are selected, so that any two adjacent aggregation intervals in the M aggregation
intervals have a parent-child relationship. Specifically, a parent aggregation interval is an integer multiple of a child
aggregation interval. In this embodiment of this application, two adjacent aggregation intervals are adjacent to each
other in a sequence of the M aggregation intervals that are sorted based on values. The aggregation layer corresponding
to the parent aggregation interval is referred to as a parent aggregation layer, and the aggregation layer corresponding
to the child aggregation interval is referred to as a child aggregation layer. In the M aggregation intervals, there is a
minimum aggregation interval, and other M-1 aggregation intervals are all parent aggregation intervals of the minimum
aggregationinterval. An aggregation interval that can be queried needs to be an integer multiple of atleast one aggregation
interval in the M aggregation intervals. In this case, accuracy of the query range that can be queried depends on the
minimum aggregation interval, and a parent aggregation interval of the minimum aggregation interval is used to further
reduce the time required for the aggregation operation and improve the real-timeness of the aggregate value query. As
shown in FIG 2, the aggregation layer 2 is the parent aggregation layer of the aggregation layer 1, and an aggregation
interval corresponding to the aggregation layer 2 is the parent aggregation interval of an aggregation interval corre-
sponding to the aggregation layer 1.

[0093] In addition, a data channel is further set in the database, and the data channel includes M aggregation layers
that have different aggregation intervals.

[0094] Actually, a service requirement usually focuses only on an aggregate value of data that belongs to a specific
data range in the database, for example, data generated between 11:00 and 12:00 in the database, or data whose count
value is between 100 and 200 in the database. Therefore, aggregation calculation is performed on only at least one
piece of data whose attribute value of the first target attribute in the database belongs to the data range of the data
channel. The data range of the data channel is determined by an aggregation start mark and a capacity.

[0095] Further, in some scenarios, the data range of the data channel changes with time or an amount of data that
enters the database. For example, abank database system stores all historical data, but real-time analysis and processing
of the data focus only on data generated in recent eight hours or data generated in recent 10,000 transactions. When
the data range of the data channel changes, data ranges of some data clusters in the T data clusters exceed an updated
data range of the data channel, and some aged data clusters need to be deleted. Specifically, in the data clusters stored
in the database, the data clusters whose data ranges exceed the updated data range of the data channel are searched
for, and the data clusters that are found are aged data clusters. If a data range of a k! data cluster that is found does
not intersect with the data range of the data channel, the kth data cluster that is found is deleted. If the data range of the
kth data cluster that is found does not belong to the data range of the data channel but intersects with the data range of
the data channel, the kth data cluster that is found needs to be refreshed based on an attribute value of the first target
attribute of the aged data. The data range of the aged data cluster is a difference between the data range of the data
channel and the data range of the kth data cluster that is found.

[0096] Optionally, T data clusters may be obtained by performing aggregation calculation based on M aggregation
intervals in the method shown in FIG. 3a. A data channel is preset in the database, and the data channel includes M
aggregation layers. Each aggregation layer corresponds to one aggregation interval, and aggregation layers correspond
to different aggregation intervals. Each time one piece of data is received, a corresponding data cluster is refreshed or
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a corresponding data cluster is created in each aggregation layer based on the preset M aggregation intervals.

[0097] A database system used forrecording a bank transaction is used as an example. FIG. 3bis a schematic diagram
of a data channel in the database system. Each piece of data in the database system has a generation time attribute
and a volume attribute of a transaction. The volume is the foregoing first target attribute, and transaction time is the
foregoing second target attribute. For a service, data that belongs to a specific time range needs to be aggregated, to
calculate a total volume of transaction data that belongs to the specific time range. The data channel shown in FIG. 3b
is set in the database, and the data channel includes four aggregation layers. Time intervals corresponding to the
aggregation layers are respectively one hour, one minute, 10 seconds, and one second. Each time one piece of data is
received, a corresponding data cluster is refreshed or a corresponding data cluster is created in each aggregation layer
based on the preset four aggregation intervals.

[0098] As shown in FIG 3a, a specific method is as follows:

$301. Receive an Nth piece of data in a data stream, where N is an integer greater than or equal to 1.

[0099] Before the Nt piece of data is received, N-1 pieces of data in at least one piece of data have been stored in
the database, and t data clusters are obtained by performing aggregation calculation on an attribute value of a first target
attribute of the N-1 pieces of data based on the M aggregation intervals.

[0100] The Nt piece of data is received, and based on aggregate values of the t data clusters and the Nt piece of
data, aggregation calculation is performed on the attribute value of the first target attribute of N pieces of data in the at
least one piece of data.

[0101] As shown in FIG. 3b, the t data clusters are obtained by performing aggregation calculation on the attribute
value of the volume attributes of the N-1 pieces of data based on the four aggregation intervals in the database. Each
data cluster has one data range, and the data ranges of the data clusters in a same aggregation layer do not intersect
with each other. The figure shows the data ranges of some data clusters as an example. For example, an aggregation
interval corresponding to an aggregation layer 4 is one second, and the data ranges of data clusters included in the
aggregation layer 4 are 0th-1st second, 1st-2nd second, 9th 10t second, 29t-30t" second, and the like. The aggregate
value of a data cluster whose data range is the 9th-10th second is a total amount of data whose generation time is the
9th-10th second in the N-1 pieces of data. The aggregate value of a data cluster whose data range is the 0th-10t" seconds
is a total amount of data whose generation time is the 0t-10th seconds in the N-1 pieces of data. A data range of a data
cluster in a parent aggregation layer includes a data range of at least one data cluster in a child aggregation layer. For
example, a data range of 0th-1st minute of one data cluster in an aggregation layer 2 includes data ranges of several
data clusters in an aggregation layer 3: 0th-10th seconds, 10th-20th seconds, and the like.

[0102] s302. For each aggregation layer, determine, based on the attribute value of the second target attribute of the
Nth piece of data, whether a data cluster corresponding to the Nt piece of data in an mth aggregation layer has been
generated in the database, where m is a variable with a value range of 1 <m < M.

[0103] Each data cluster has a data range, and in a same aggregation layer, data ranges of the data clusters do not
intersect with each other. Therefore, the Nth piece of data corresponds to only one unique data cluster in each aggregation
layer. Therefore, when aggregation calculation is performed on the attribute value of the first target attribute of the N
pieces of data in the at least one piece of data, an aggregate value of each of the t data clusters does not need to be
recalculated, and only the aggregate value of a matched data cluster needs to be calculated. Itis assumed that generation
time of the Nt" piece of data is a 115.4th second, and the data channel shown in FIG 3b is used as an example. Based
on four different aggregation intervals, this piece of data belongs to the following data ranges: 115th-116t second, 110th-
120th seconds, 1st-2nd minute, and 0th-1st hour. This piece of data corresponds to a data cluster that has the foregoing
data range in each aggregation layer.

[0104] A data range of each data cluster in each aggregation layer may be determined based on an aggregation
interval corresponding to the aggregation layer. The data range of each data cluster is traversed to determine the data
range to which the attribute value of the first target attribute of the Nt piece of data belongs, and then it is determined
whether the data cluster corresponding to the Nth piece of data in the mth aggregation layer has been generated in the
database.

[0105] If yes, to be specific, the data cluster corresponding to the Nt piece of data in the mth aggregation layer has
been generated in the database, step s304 is performed.

[0106] s303. Refresh the generated data cluster based on the attribute value of the first target attribute of the Nt piece
of data, to obtain a refreshed data cluster. The refreshing the generated data cluster to obtain a refreshed data cluster
includes: obtaining the aggregate value of the generated data cluster; performing aggregation calculation on the obtained
aggregate value and the attribute value of the first target attribute of the Nt piece of data to obtain a new aggregate
value; writing the new aggregate value into the generated data cluster to overwrite an original aggregate value of the
generated data cluster and obtain a refreshed data cluster.

[0107] If no, to be specific, the data cluster corresponding to the N piece of data in the mth aggregation layer has not
been generated in the database, step s305 is performed.

[0108] s304. Generate a data cluster based on the attribute value of the first target attribute of the Nth piece of data.
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The step specifically includes creating a data cluster, where an aggregate value of the created data cluster is the attribute
value of the first target attribute of the Nth piece of data, and an attribute value span of a data range of the created data
cluster is an aggregation interval corresponding to the mth aggregation layer.

[0109] In a random order, for each aggregation layer in the M aggregation layers, s303 and s304 are separately
performed; to be specific, aggregation calculation may be performed on the attribute value of the first target attribute of
the N pieces of data in the at least one piece of data based on the aggregate value and the Nth piece of data in the t
data clusters. Likewise, every time one piece of data in the at least one piece of data is received, the method shown in
FIG. 3ais performed to obtain T aggregate values. In this case, every time one piece of data is received, an aggregation
operation is performed only on a small amount of data related to M data clusters, increasing a speed of obtaining the T
data clusters, and reducing a delay of aggregate value query.

[0110] When an interface unit of the database receives the Nth piece of data, the interface unit sends the Nt piece of
data to a controller, and the controller writes the Nth piece of data into a storage unit of the database. Optionally, while
writing the Nt piece of data into the storage unit, the controller performs s301 to s304, or after or before writing the Nth
piece of data into the storage unit, the controller may also perform s301 to s304. This is not limited in this embodiment
of this application.

[0111] Based on the T data clusters of the at least one piece of data stored in the database, an embodiment of this
application provides an aggregate value query method. To be specific, a group of data clusters is obtained through query
based on a query range of a query request, data ranges of data clusters in the group of data clusters obtained through
query do not intersect with each other but each intersects with the query range, and a union set of the data ranges of
all the data clusters obtained through query is the same as the query range. Aggregation calculation is performed on
aggregate values of the group of data clusters to obtain an aggregate value of to to-be-aggregated data in terms of an
attribute value of a first target attribute. FIG. 4 is a schematic diagram of a method for selecting the group of data clusters
based on the query request.

[0112] s401. Receive the query request, where the query request includes the query range, and the query request is
used to query an aggregate value of data of the query range to which an attribute value of a second target attribute of
the data in the database belongs.

[0113] s402. Divide the query range into two attribute value sections to obtain a first query section and a second query
section, where the first query section and the second query section indicate sections used to select the group of data
clusters in the query range, and the first query section and the second query section do not intersect with each other.
[0114] A method for dividing a query range is not limited in this embodiment of this application, and an example is
used for description in the following. The query range includes a left boundary and a right boundary. The left boundary
of the query range is used as a left boundary of the first query section, the right boundary of the query range is used as
a right boundary of the second query section, and the right boundary of the query range is used as the left boundary of
the first query section and the right boundary of the second query section. In this case, the second query section is a
section with a length of 0.

[0115] s403. In a current aggregation layer, query a data cluster that matches the first query section and the second
query section, where a data range of the matched data cluster belongs to the first query section or the second query
section.

[0116] If the first query section and the second query section that are obtained in s402 are an initialized first query
section and an initialized second query section, the current aggregation layer is an initial aggregation layer, and the
initial aggregation layer is an aggregation layer with a largest corresponding aggregation interval. Further, if any two
adjacent aggregation intervals in M aggregation intervals have a parent-child relationship, the initial aggregation layer
is an aggregation layer that does not have a parent aggregation layer in M aggregation layers.

[0117] If the current aggregation layer has a data cluster that belongs to the first query section and/or the second
query section, s404 is performed.

[0118] s404. Record the data cluster obtained through query, and update the corresponding first query section and/or
the corresponding second query section based on the data cluster obtained through query.

[0119] In the data cluster obtained through query, a right boundary of the first query section is updated based on a
data cluster whose data range belongs to the first query section, and a left boundary of the second query section is
updated based on a data cluster whose data range belongs to the second query section.

[0120] Specifically, a data range of each data cluster has a left boundary and a right boundary. A smallest left boundary
is selected from left boundaries of data ranges that belong to the first query section, and is used as a right boundary of
an updated first query section. A largest right boundary is selected from right boundaries of data ranges that belong to
the second query section, and is used as a left boundary of an updated second query section.

[0121] If the data range of the data cluster obtained through query does not belong to the first query section, the first
query section does not need to be updated. Likewise, if the data range of the data cluster obtained through query does
not belong to the second query section, the second query section does not need to be updated.

[0122] The first query section and the second query section are updated according to the foregoing method.
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[0123] The updated first query section and the updated second query section no longer include a data range of a data
cluster obtained through query. A smaller aggregation interval needs to be selected, and a data cluster that matches
the updated first query section and the updated second query section is queried in an aggregation layer corresponding
to the smaller aggregation interval.

[0124] s405. Query an aggregation layer whose corresponding aggregation interval is less than an aggregation interval
corresponding to the current aggregation layer. Further, if any two adjacent aggregation intervals in the M aggregation
intervals have a parent-child relationship, a child aggregation layer of the current aggregation layer is queried.

[0125] If there is an aggregation layer whose corresponding aggregation interval is less than the aggregation interval
corresponding to the current aggregation layer, a data cluster whose data range belongs to an updated first unselected
range and an updated second unselected range needs to be queried in the aggregation layer whose corresponding
aggregation interval is less than the aggregation interval corresponding to the current aggregation layer. Then s406 is
performed.

[0126] s406. Update the current aggregation layer, where the updated current aggregation layer is an aggregation
layer whose corresponding aggregation interval is less than the aggregation interval corresponding to the current ag-
gregation layer. Further, if any two adjacent aggregation intervals of the M aggregation intervals have a parent-child
relationship, the updated current aggregation layer is a child aggregation layer of the current aggregation layer. If the
current aggregation layer is an initial aggregation layer, the updated current aggregation layer is a non-initial aggregation
layer, where the non-initial aggregation layer is an aggregation layer whose corresponding aggregation interval is not
largest in the M aggregation layers.

[0127] Atfter step s406 is performed, the first query section and/or the second query section is updated, and the current
aggregation layer is updated. Step s403 is performed to query the matched data cluster until there is no aggregation
layer whose corresponding aggregation interval is less than the aggregation interval corresponding to the current ag-
gregation layer. Further, if any two adjacent aggregation intervals of the M aggregation intervals have a parent-child
relationship, step s403 is performed to query the matched data cluster until there is no child aggregation layer for the
current aggregation layer.

[0128] Further, an embodiment of this application further provides a data structure used to store a data cluster and
an aggregate value. In a relational database, the data structure described in the following is used to store a data cluster,
thereby further improving efficiency of data cluster storage and query.

[0129] First, the data cluster includes an aggregate value. In addition, the data cluster further needs to include an
attribute used to uniquely determine each data cluster. Likewise, an aggregation layer also needs to include an attribute
used to uniquely determine each aggregation layer.

[0130] The aggregation layer has a corresponding aggregation interval. The data cluster includes the aggregate value,
and has a data range. In addition, the data cluster and the aggregation layer further have a correspondence, and each
data cluster belongs to one unique aggregation layer.

[0131] The aggregation layer may be uniquely determined based on the aggregation interval corresponding to the
aggregation layer, and the data cluster may be uniquely determined based on the data range of the data cluster. Among
the aggregation interval, the data range, and the correspondence between the data cluster and the aggregation layer,
a third item can be obtained based on the other two items. A data range span is the aggregation interval, and the
aggregation layer to which the data cluster belongs may be determined based on the data range span of the data cluster
and an aggregate value interval corresponding to each data cluster. Likewise, when the aggregation layer to which the
data cluster belongs and the aggregation interval corresponding to the aggregation layer are known, the data range of
the data cluster may be learned by determining a left boundary or a right boundary of the data range corresponding to
the data cluster.

[0132] Optionally, the aggregation layer includes an aggregation interval and a data cluster list. The aggregation
interval corresponding to the aggregation layer is recorded in an attribute, namely, the aggregation interval of the ag-
gregation layer. The data cluster list records a list of data clusters that belong to the aggregation layer, and the data
clusters that belong to the aggregation layer are obtained by performing aggregation calculation on an attribute value
of a first target attribute of at least one piece of data based on the aggregation interval of the aggregation layer.
[0133] When the aggregation interval corresponding to the aggregation layer is a count value interval, a value of the
count value interval corresponding to each aggregation layer may be recorded in the aggregation interval of the aggre-
gation layer. When the aggregation interval corresponding to the aggregation layer is a time interval, because the time
interval has a unit, a value of the time interval corresponding to each aggregation layer may be recorded in the aggregation
interval of the aggregation layer based on a unified unit, or the unit and the value of the time interval may be separately
recorded. In this case, the aggregation interval of the aggregation layer includes a time interval length and a time unit.
When the aggregation interval includes the time interval length and the time unit, the time interval corresponding to the
aggregation layer is recorded in different forms based on different time units. An example is used for description in the
following. For example, if a time interval corresponding to an aggregation layer is 60 seconds, a time interval length of
the aggregation layer is 60 and a time unit is second. Alternatively, the time interval length of the aggregation layer may
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be recorded as 1 and the time unit may be recorded as minute.

[0134] In addition to aggregation, the data cluster further includes a data range parameter. The data range parameter
is used to determine the attribute value corresponding to the data cluster. The data range of the data cluster may be
directly recorded in the data range parameter. In addition, the data range parameter may not directly record the data
range of the data cluster, to reduce a stored data volume.

[0135] Optionally, the left boundary or the right boundary of the data range of the data cluster is recorded in the data
range parameter, and the data range of the data cluster may be obtained based on the aggregation interval of the
aggregation layer to which the data cluster belongs. Optionally, the data ranges of the data clusters may also be sorted,
and index sequence numbers of the data ranges are recorded in the data range parameter. In this embodiment of this
application, the data ranges of the data clusters in the same aggregation layer are sorted based on a value of the left
boundary or the right boundary of each data range, and the sequence number of the left boundary or the right boundary
of each data range is a sequence number of the corresponding data range. The data ranges of the data clusters that
belong to the same aggregation layer are selected in a continuous section based on the aggregation interval parameter
of the aggregation layer. The data range of the data cluster may be determined based on the index sequence number
and the aggregation interval of the aggregation layer.

[0136] For example, when the aggregation interval parameter of the aggregation layer is 5, the data range of 1-5is a
first data range, the data range of 6-10 is a second data range, and so on.

[0137] Optionally, the aggregation layer further includes an aggregation algorithm attribute.

[0138] As mentioned above, an aggregation operation includes a plurality of algorithms, such as statistical calculation
and an arithmetic operation. Optionally, the database stores a data cluster that is obtained by calculating at least one
piece of data based on M different aggregation intervals and by using a plurality of aggregation algorithms. The aggre-
gation algorithm used to obtain each data cluster is recorded in the aggregation layer to which the data cluster belongs.
Considering that aggregate values of different to-be-aggregated data corresponding to different aggregation algorithms
need to be queried, the aggregation layer further includes the aggregation algorithm, and the aggregation algorithm is
used to indicate an aggregation algorithm used for aggregation calculation. In this case, the aggregation layer may be
uniquely determined based on the aggregation interval parameter and the aggregation algorithm of the aggregation layer.
[0139] For example, Table 1 shows a data structure of an aggregation layer when an aggregation interval is a count
value interval.

[0140] Table 2 shows a data structure of an aggregation layer when an aggregation interval is a time interval.

Table 1
Aggregation interval | Data cluster list Aggregation algorithm
5 Data cluster 1, data cluster 2, data cluster 3, data cluster 4, ... | Summation
10 Data cluster 5, data cluster 6, data cluster 7, ... Summation
15 Data cluster 8, data cluster 9, ... Summation

Table 2
Time interval Time unit | Data cluster list Aggregation algorithm
length
30 Second Data cluster 1, data cluster 2, data cluster 3, data Summation

cluster 4, ...

1 Minute Data cluster 5, data cluster 6, data cluster 7, ... Summation
5 Minute Data cluster 8, data cluster 9, ... Summation

[0141] Table 3 shows a data structure of a data cluster.

Table 3

Data range parameter | Aggregate value
1-100 2800
101-200 3899
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(continued)

Data range parameter | Aggregate value

201-300 5098

[0142] Table 4 shows a data structure of a data cluster, where a data range of a data cluster whose index sequence
number is 1 is 1-100, a data range of a data cluster whose index sequence number is 2 is 101-200, and a data range
of a data cluster whose index sequence number is 3 is 201-300.

Table 4

Index sequence number | Aggregate value

1 2800
2 3899
2 5098

[0143] The data structures shown in Table 1, Table 2, Table 3, and Table 4 are merely examples for describing a data
structure of a data cluster and an aggregation layer. In addition to an attribute shown in the tables, the data cluster and
the aggregation layer may further include another attribute. This is not limited in this embodiment of this application.
[0144] In addition, a data channel is set in a database, and the data channel includes M aggregation layers that have
different aggregation intervals.

[0145] Based on the foregoing data structure, an embodiment of this application provides a method for aggregating
at least one piece of data in a database. To be specific, when an Nth piece of data in a data stream enters the data
channel, data clusters in the M aggregation layers in the data channel are refreshed. The method for refreshing the data
clusters in the aggregation layers includes obtaining M data clusters that respectively correspond to the N piece of
data in the M aggregation layers based on an attribute value of a first target attribute of the Nt piece of data. For details,
refer to steps s302 to s304. Details are not described herein again.

[0146] When each aggregation layer includes a list of data clusters that are included in the aggregation layer, and
after aggregation calculation is performed based on the attribute value of the first target attribute of the Nt piece of data
to generate a data cluster, a list of data clusters of an mth aggregation layer further needs to be updated.

[0147] When the data cluster is the data structure shown in Table 4, and after aggregation calculation is performed
based on the attribute value of the first target attribute of the Nt piece of data to generate a data cluster, an index
sequence number of each of the M data clusters needs to be further determined and stored, where the index sequence
number of each data cluster is used to indicate an order of the current data cluster in an aggregation layer to which the
data cluster belongs.

[0148] Based on the foregoing data structure and the foregoing method, for a method for obtaining the aggregate
value based on query, refer to the foregoing method in s401 to s406. Details are not described herein again.

[0149] Actually, a service requirement usually focuses only on an aggregate value of data that belongs to a specific
data range in the database, for example, data generated between 11:00 and 12:00 in the database, or data whose count
value is between 100 and 200 in the database. Therefore, aggregation calculation is performed on only at least one
piece of data whose attribute value of the first target attribute in the database belongs to the data range of the data
channel. The data range of the data channel is determined by an aggregation start mark and a capacity. In this case,
before the obtaining M data clusters that respectively correspond to the Nt piece of data in the M aggregation layers
based on the attribute value of the first target attribute of the Nth piece of data, the data range of the data channel further
needs to be determined based on the aggregation start mark and the capacity of the data channel; and the data range
whose attribute value of a second target attribute of the Nt piece of data belongs to the data channel needs to be
determined.

[0150] Further, in some scenarios, the data range of the data channel changes with time or an amount of data that
enters the database. For example, abank database system stores all historical data, but real-time analysis and processing
of the data focus only on data generated in recent eight hours or data generated in recent 10,000 transactions. When
the data range of the data channel changes, data ranges of some data clusters in the T data clusters exceed an updated
data range of the data channel, and some aged data clusters need to be deleted. Specifically, in the data clusters stored
in the database, the data clusters whose data ranges exceed the updated data range of the data channel are searched
for, and the data clusters that are found are aged data clusters. If a data range of a k! data cluster that is found does
not intersect with the data range of the data channel, the k! data cluster that is found is deleted. If the data range of the
kth data cluster that is found does not belong to the data range of the data channel but intersects with the data range of
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the data channel, the kth data cluster that is found needs to be refreshed based on an attribute value of the first target
attribute of the aged data. The data range of the aged data cluster is a difference between the data range of the data
channel and the data range of the kth data cluster that is found.

[0151] Optionally, an update of a data channel range includes an update of an aggregation start mark and/or an update
of a capacity. The data channel range is updated based on a fixed update interval, and every time after the data channel
range is updated, the foregoing step of "deleting aged data clusters in M aggregations" is performed.

[0152] The data processing methods described above are used for any database in the database system. The following
describes application of data processing methods, such as data cluster generation and aggregate value query, in the
database system.

[0153] When the database system includes only one database, the data processing methods of the database system
are described above.

[0154] When the database system includes at least two databases, each database performs aggregation calculation
on atleast one piece of data in each database based on an aggregation interval corresponding to at least one aggregation
layer in the foregoing data processing method, to obtain at least one data cluster. After the database system receives
a query request, a database manager of the database system distributes the query request to each database in the
database system. Based on the foregoing data processing method and a stored data cluster or a window view, each
database obtains a query result of the aggregate value request in each database, and returns the query results to the
database system. The database system performs aggregation calculation on the result returned by each database, to
obtain a query result of the query request in the database system.

[0155] An embodiment of this application further provides a controller, as shown in FIG 5. A controller 500 includes
an obtaining unit 510, an obtaining unit 520, and a storage unit 530. The controller 500 may be used as a controller 112
in a database 110 in FIG 1a, or may be used as a controller 114 in a relational database 140 in FIG. 1b. When the
controller 500 is used as the controller 114 in FIG 1b, the obtaining unit 510, the obtaining unit 520, and the storage unit
530 are functional modules in a query planner 142.

[0156] The obtaining unit 510 is configured to obtain at least one piece of data, where each piece of data includes at
least one attribute.

[0157] The obtaining unit 520 is configured to separately perform aggregation calculation, based on M aggregation
intervals, on an attribute value of a first target attribute of the at least one piece of data to obtain T data clusters, where
the M aggregation intervals are different from each other, each data cluster includes an aggregate value, the aggregate
value of each data cluster is obtained by performing aggregation calculation on the attribute value of the first target
attribute based on an aggregation interval corresponding to the data cluster, M is an integer greater than or equal to 2,
and T > M.

[0158] The storage unit 530 is configured to store the T data clusters.

[0159] Optionally, the obtaining unit 520 is further configured to preset M aggregation layers, where each aggregation
layer corresponds to one aggregation interval, the T data clusters belong to the M aggregation layers, any two adjacent
aggregation intervals of the M aggregation intervals have a parent-child relationship, and a parent aggregation interval
is an integer multiple of a child aggregation interval.

[0160] Optionally, that the obtaining unit 510 is configured to obtain at least one piece of data includes: receiving an
Nth piece of data in a data stream, where N is an integer greater than or equal to 1. That the obtaining unit 520 is
configured to separately perform aggregation calculation, based on M aggregation intervals, on an attribute value of a
first target attribute of the at least one piece of data to obtain T data clusters includes: determining, based on an attribute
value of a first target attribute of the Nth piece of data, M data clusters respectively corresponding to the Nth piece of
data in the M aggregation layers; and if a data cluster corresponding to the Nth piece of data in an mth aggregation layer
has been generated in the database, refreshing the generated data cluster based on the attribute value of the first target
attribute of the Nth piece of data to obtain a refreshed data cluster, where m is a variable with a value range of 1 <m <
M; or if a data cluster corresponding to the Nth piece of data in an mth aggregation layer has not been generated in the
database, performing aggregation calculation on the attribute value of the first target attribute of the Nth piece of data to
generate a data cluster.

[0161] Optionally, that the obtaining unit 510 is configured to obtain at least one piece of data includes: obtaining at
least one piece of data stored in the database. That the obtaining unit 520 is configured to separately perform aggregation
calculation, based on M aggregation intervals, on an attribute value of a first target attribute of the at least one piece of
data to obtain T data clusters includes: performing aggregation calculation on the attribute value of the first target attribute
of the at least one piece of data based on the mth aggregation interval to obtain an mth aggregation layer, where the mth
aggregation layer includes at least one data cluster, and m is a variable with a value range of 1 <m <M.

[0162] Optionally, the controller 500 further includes a query unit 540, and the query unit 540 is configured to: receive
a query request, where the query request includes a query range; obtain, through query, at least two data clusters from
the M aggregation layers based on the query range, where the at least two data clusters obtained through query belong
to different aggregation layers, a data range of each data cluster obtained through query intersects with the query range,
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and a union set of the data ranges of all the data clusters obtained through query is the same as the query range; and
perform aggregation calculation on aggregate values included in the at least two data clusters obtained through query,
to obtain a query result.

[0163] Optionally, that the query unit 540 is configured to obtain, through query, at least two data clusters from the M
aggregation layers based on the query range specifically includes:

dividing the query range into two attribute value sections, to obtain a first query section and a second query section;
querying, in an initial aggregation layer, a data cluster that matches the first query section or the second query
section, where a data range of the matched data cluster belongs to the first query section or the second query
section, and the initial aggregation layer is an aggregation layer whose corresponding aggregation interval is largest
in the M aggregation layers;

updating the first query section and the second query section based on the matched data cluster, where an updated
first query section and an updated second query section are subsets of the query range, and the data range of the
matched data cluster does not belong to the updated first query section or the updated second query section; and
querying, in a non-initial aggregation layer, a data cluster that matches the updated first query section and the
updated second query section, where the union set of the data ranges of all the data clusters obtained through query
is the updated first query section and the updated second query section, and the matched data cluster and all the
data clusters obtained through query are the at least two data clusters.

[0164] Optionally, after the separately performing aggregation calculation, based on M aggregation intervals, on an
attribute value of a first target attribute of the at least one piece of data to obtain T data clusters, the obtaining unit 520
is further configured to update a data cluster list of an aggregation layer to which each data cluster belongs.

[0165] Optionally, the storage unit 530 is further configured to:

determine an index sequence number of each data cluster, where the index sequence number of each data cluster
is used to indicate an order of the current data cluster in an aggregation layer to which the current data cluster
belongs; and

separately store the index sequence number of each data cluster.

[0166] Optionally, the obtaining unit 520 is further configured to set a data channel, where the data channel includes
an aggregation start mark, a capacity of the data channel, and a list of aggregation layers included in the data channel.
[0167] An embodiment of this application further provides another controller, as shown in FIG. 6. A controller 600
includes an obtaining unit 610, an obtaining unit 620, and a storage unit 630. The controller 600 may be used as a
controller 112 in a database 110 in FIG. 1a, or may be used as a controller 114 in a relational database 140 in FIG. 1b.
When the controller 600 is used as the controller 114 in FIG. 1b, the obtaining unit 610, the obtaining unit 620, and the
storage unit 630 are functional modules in a query planner 142.

[0168] The obtaining unit 610 is configured to obtain an Nth piece of data in a data stream that enters the data channel.
[0169] The obtaining unit 620 is configured to:

refresh a data cluster in the M aggregation layers, where N is an integer greater than or equal to 1; and

the refreshing a data cluster in the M aggregation layers includes:

obtaining, based on an attribute value of a first target attribute of the Nt piece of data, M data clusters respectively
corresponding to the Nt piece of data in the M aggregation layers; and if a data cluster corresponding to the Nth
piece of data in an mth aggregation layer has been generated in the database, refreshing an aggregate value of the
generated data cluster based on the attribute value of the first target attribute of the Nth piece of data; or if a data
cluster corresponding to the N piece of data in an mth aggregation layer has not been generated in the database,
performing aggregation calculation based on the attribute value of the first target attribute of the Nth piece of data
to generate a data cluster, where m is a variable with a value range of 1 <m < M.

[0170] The storage unit 630 is configured to store the M data clusters.
[0171] Optionally, the obtaining unit 620 is further configured to:

refresh capacity information of the data channel or an aggregation start mark of the data channel; and
delete an aged data cluster in the M aggregations based on refreshed capacity information of the data channel or

refreshed aggregation start mark of the data channel.

[0172] Optionally, the storage unit 630 is further configured to:
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refresh the capacity information of the data channel or the aggregation start mark of the data channel; and
delete the aged data cluster in the M aggregations based on the refreshed capacity information of the data channel
or the refreshed aggregation start mark of the data channel.

[0173] Optionally, after the performing aggregation calculation based on the attribute value of the first target attribute
of the Nth piece of data to generate a data cluster, the storage unit 630 is further configured to update a data cluster list
of the mth aggregation layer.

[0174] Optionally, the storage unit 630 is further configured to:

determine an index sequence number of each of the M data clusters, where the index sequence number of each
data cluster is used to indicate an order of the current data cluster in an aggregation layer to which the current data
cluster belongs; and

the storage unit 630 is further configured to separately store the index sequence number of each data cluster.

[0175] Optionally, the controller 600 further includes a query unit, and the query unit 640 is configured to:

receive a query request, where the query request includes a query range;

obtain, through query, at least two of the T data clusters from the M aggregation layers based on the query range,
where the at least two data clusters obtained through query belong to different aggregation layers, a data range of
each data cluster obtained through query intersects with the query range, and a union set of the data ranges of all
the data clusters obtained through query is the same as the query range; and

perform aggregation calculation on aggregate values included in the at least two data clusters obtained through
query, to obtain a query result.

[0176] Optionally, that the query unit 640 is configured to obtain, through query, at least two of the T data clusters
from the M aggregation layers based on the query range specifically includes:

dividing the query range into two attribute value sections, to obtain a first query section and a second query section;
querying, in an initial aggregation layer, a data cluster that matches the first query section or the second query
section, where a data range of the matched data cluster belongs to the first query section or the second query
section, and the initial aggregation layer is an aggregation layer whose corresponding aggregation interval is largest
in the M aggregation layers;

updating the first query section and the second query section based on the matched data cluster, where an updated
first query section and an updated second query section are subsets of the query range, and the data range of the
matched data cluster does not belong to the updated first query section or the updated second query section; and
querying, in a non-initial aggregation layer, a data cluster that matches the updated first query section and the
updated second query section, where the union set of the data ranges of all the data clusters obtained through query
is the updated first query section and the updated second query section, and the matched data cluster and all the
data clusters obtained through query are the at least two data clusters.

[0177] Anembodiment of this application further provides a computing device, as shown in FIG. 7. A computing device
700 includes a processing unit 710 and a communications interface 720. The processing unit 710 is configured to perform
an operating system and functions defined by various software programs that are run on the computing device, including
the function of the controller 500 or the function of the controller 600. The communications interface 720 is configured
to communicate and interact with another device, where the another device may be another computing device. Specif-
ically, the communications interface 720 may be a network adapter card. Optionally, the computing device may further
include an input/output interface 730, where the input/output interface 730 is connected to an input/output device, and
is configured to receive input information and output an operation result.

[0178] The input/output interface 730 may be a mouse, a keyboard, a display, an optical drive, or the like. Optionally,
the computing device 700 may further include a secondary memory 740, which is generally referred to as an external
memory. A storage medium of the secondary memory 740 may be a magnetic medium (for example, a floppy disk, a
hard disk, or a magnetic tape), an optical medium (for example, an optical disc), or a semiconductor medium (for example,
a solid-state drive), or the like. The processing unit 710 may be implemented in a plurality of specific forms. For example,
the processing unit 710 may include a processor 711 and a memory 712, and the processor 711 performs a related
operation according to a program instruction stored in the memory 712. The processor 711 may be a central processing
unit (CPU) or a graphics processing unit (graphics processing unit, GPU), and the processor 711 may be a single-core
processor or a multi-core processor. The processing unit 710 may also be implemented by independently using a logic
device with built-in processing logic, for example, afield programmable gate array (English fullname: Field Programmable
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Gate Array, FPGA for short) or a digital signal processor (English: digital signal processor, DSP). In addition, FIG 7
shows merely an example of the computing device. The computing device may include more or fewer components than
those shown in FIG 7, or have different component configuration manners.

[0179] In the several embodiments provided in this application, it should be understood that the disclosed system,
apparatus, and method may be implemented in other manners. For example, the described apparatus embodiment is
merely an example. For example, the unit division is merely logical function division and may be other division in actual
implementation. For example, a plurality of units or components may be combined or integrated into another system,
or some features may be ignored or not performed. In addition, the displayed or discussed mutual couplings or direct
couplings or communication connections may be implemented through some interfaces, indirect couplings or commu-
nication connections between the apparatuses or units, or electrical connections, mechanical connections, or connections
in other forms.

[0180] The foregoing descriptions are merely specific embodiments of the present invention, but are not intended to
limit the protection scope of the present invention. Any modification or replacement readily figured out by a person skilled
in the art within the technical scope disclosed in the present invention shall fall within the protection scope of the present
invention. Therefore, the protection scope of the present invention shall be subject to the protection scope of the claims.

Claims
1. A data processing method in a database, wherein the method comprises:

obtaining at least one piece of data, wherein each piece of data comprises at least one attribute;

separately performing aggregation calculation, based on M aggregation intervals, on an attribute value of a first
target attribute of the at least one piece of data to obtain T data clusters, wherein the M aggregation intervals
are different from each other, each data cluster comprises an aggregate value, the aggregate value of each
data cluster is obtained by performing aggregation calculation on the attribute value of the first target attribute
based on an aggregation interval corresponding to the data cluster, M is an integer greater than or equal to 2,
and T > M; and

storing the T data clusters.

2. The method according to claim 1, further comprising: presetting M aggregation layers, wherein each aggregation
layer corresponds to one aggregation interval, any two adjacent aggregation intervals of the M aggregation intervals
have a parent-child relationship, and a parent aggregation interval is an integer multiple of a child aggregation interval.

3. The method according to claim 1 or 2, wherein the obtaining at least one piece of data comprises:

receiving an Nth piece of data in a data stream, wherein N is an integer greater than or equal to 1; and
the separately performing aggregation calculation, based on M aggregation intervals, on an attribute value of
a first target attribute of the at least one piece of data to obtain T data clusters comprises:

determining, based on an attribute value of a first target attribute of the Nt piece of data, M data clusters
respectively corresponding to the Nth piece of data in the M aggregation layers; and

if a data cluster corresponding to the Nth piece of data in an mth aggregation layer has been generated in
the database, refreshing an aggregate value of the generated data cluster based on the attribute value of
the first target attribute of the Nth piece of data, wherein m is a variable with a value range of 1 <m <M; or

if a data cluster corresponding to the Nt piece of data in an mth aggregation layer has not been generated in
the database, performing aggregation calculation on the attribute value of the first target attribute of the Nth
piece of data to generate a data cluster.

4. The method according to claim 1 or 2, wherein the obtaining at least one piece of data comprises:

obtaining at least one piece of data stored in the database; and

the separately performing aggregation calculation, based on M aggregation intervals, on an attribute value of
a first target attribute of the at least one piece of data to obtain T data clusters comprises:

performing aggregation calculation on the attribute value of the first target attribute of the at least one piece of
data based on an mth aggregation interval to obtain an mth aggregation layer, wherein the mth aggregation layer
comprises at least one data cluster, and m is a variable with a value range of 1 <m < M.
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The method according to any one of claims 2 to 4, wherein the method further comprises:

receiving a query request, wherein the query request comprises a query range;

obtaining, through query, at least two data clusters from the M aggregation layers based on the query range,
wherein the at least two data clusters obtained through query belong to different aggregation layers, a data
range of each data cluster obtained through query intersects with the query range, and a union set of the data
ranges of all the data clusters obtained through query is the same as the query range; and

performing aggregation calculation on aggregate values comprised in the at least two data clusters obtained
through query, to obtain a query result.

The method according to claim 5, wherein the obtaining, through query, at least two data clusters from the M
aggregation layers based on the query range specifically comprises:

obtaining, based on the query range and by performing matching layer by layer in descending order starting from
a first aggregation layer, a data cluster that matches the query range in each aggregation layer, wherein the first
aggregation layer is an aggregation layer with a largest aggregation interval.

The method according to any one of claims 2 to 6, wherein each aggregation layer further comprises an aggregation
algorithm of each aggregation layer.

The method according to any one of claims 2 to 7, wherein each aggregation layer further comprises a data cluster
list, and the data cluster list of each aggregation layer is used to store a data cluster comprised in the aggregation
layer; and

after the separately performing aggregation calculation, based on M aggregation intervals, on an attribute value of
a first target attribute of the at least one piece of data to obtain T data clusters, the method further comprises:
updating a data cluster list of an aggregation layer to which each data cluster belongs.

The method according to any one of claims 2 to 8, wherein the method further comprises:

determining an index sequence number of each data cluster, wherein the index sequence number of each data
cluster is used to indicate an order of the current data cluster in an aggregation layer to which the current data
cluster belongs; and

separately storing the index sequence number of each data cluster.

The method according to any one of claims 1 to 9, wherein the aggregation interval comprises an aggregation time
interval or an aggregation count value interval.

The method according to any one of claims 1 to 10, further comprising:
setting a data channel, wherein the data channel comprises an aggregation start mark, a capacity of the data channel,
and a list of aggregation layers comprised in the data channel.

A data processing device, wherein the device comprises an obtaining unit, an aggregation unit, and a storage unit,
wherein

the obtaining unit is configured to obtain at least one piece of data, wherein each piece of data comprises at least
one attribute;

the obtaining unit is configured to separately perform aggregation calculation, based on M aggregation intervals,
on an attribute value of a first target attribute of the at least one piece of data to obtain T data clusters, wherein the
M aggregation intervals are different from each other, each data cluster comprises an aggregate value, the aggregate
value of each data cluster is obtained by performing aggregation calculation on the attribute value of the first target
attribute based on an aggregation interval corresponding to the data cluster, M is an integer greater than or equal
to2,and T > M; and

the storage unit is configured to store the T data clusters.

The device according to claim 12, wherein the obtaining unit is further configured to preset M aggregation layers,
wherein each aggregation layer corresponds to one aggregation interval, any two adjacent aggregation intervals of
the M aggregation intervals have a parent-child relationship, and a parent aggregation interval is an integer multiple
of a child aggregation interval.

The device according to claim 11 or 12, wherein
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that the obtaining unit is configured to obtain at least one piece of data comprises: receiving an Nth piece of data in
a data stream, wherein N is an integer greater than or equal to 1; and

that the obtaining unit is configured to separately perform aggregation calculation, based on M aggregation intervals,
on an attribute value of a first target attribute of the at least one piece of data to obtain T data clusters comprises:

determining, based on an attribute value of a first target attribute of the Nth piece of data, M data clusters
respectively corresponding to the Nth piece of data in the M aggregation layers; and

if a data cluster corresponding to the Nth piece of data in an mth aggregation layer has been generated in the
database, refreshing an aggregate value of the generated data cluster based on the attribute value of the first
target attribute of the Nt piece of data, wherein m is a variable with a value range of 1 <m < M; or

if a data cluster corresponding to the Nt piece of data in an mth aggregation layer has not been generated in
the database, performing aggregation calculation on the attribute value of the first target attribute of the Nth
piece of data to generate a data cluster.

The device according to claim 12 or 13, wherein that the obtaining unit is configured to obtain at least one piece of
data comprises:

obtaining at least one piece of data stored in the database; and

that the obtaining unit is configured to separately perform aggregation calculation, based on M aggregation
intervals, on an attribute value of a first target attribute of the at least one piece of data to obtain T data clusters
comprises:

performing aggregation calculation on the attribute value of the first target attribute of the at least one piece of
data based on an mth aggregation interval to obtain an mth aggregation layer, wherein the mth aggregation layer
comprises at least one data cluster, and m is a variable with a value range of 1 <m < M.

The device according to any one of claims 13 to 15, wherein the device further comprises a query unit, and the
query unit is configured to:

receive a query request, wherein the query request comprises a query range;

obtain, through query, at least two data clusters from the M aggregation layers based on the query range,
wherein the at least two data clusters obtained through query belong to different aggregation layers, a data
range of each data cluster obtained through query intersects with the query range, and a union set of the data
ranges of all the data clusters obtained through query is the same as the query range; and

perform aggregation calculation on aggregate values comprised in the atleast two data clusters obtained through
query, to obtain a query result.

The device according to claim 16, wherein that the query unit is configured to obtain, through query, at least two
data clusters from the M aggregation layers based on the query range specifically comprises:

obtaining, based on the query range and by performing matching layer by layer in descending order starting from
a first aggregation layer, a data cluster that matches the query range in each aggregation layer, wherein the first
aggregation layer is an aggregation layer with a largest aggregation interval.

The device according to any one of claims 13 to 17, wherein each aggregation layer further comprises an aggregation
algorithm of each aggregation layer.

The device according to any one of claims 13 to 18, wherein each aggregation layer further comprises a data cluster
list, and the data cluster list of each aggregation layer is used to store a data cluster comprised in the aggregation
layer; and

after the separately performing aggregation calculation, based on M aggregation intervals, on an attribute value of
afirsttarget attribute of the atleast one piece of datato obtain T data clusters, the obtaining unitis further configured to:
update a data cluster list of an aggregation layer to which each data cluster belongs.

The device according to any one of claims 13 to 19, wherein the storage unit is further configured to:
determine an index sequence number of each data cluster, wherein the index sequence number of each data
cluster is used to indicate an order of the current data cluster in an aggregation layer to which the current data

cluster belongs; and
separately store the index sequence number of each data cluster.
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The device according to any one of claims 12 to 20, wherein the aggregation interval comprises an aggregation
time interval or an aggregation count value interval.

The device according to any one of claims 12 to 21, wherein the obtaining unit is further configured to:
set a data channel, wherein the data channel comprises an aggregation start mark, a capacity of the data channel,
and a list of aggregation layers comprised in the data channel.

A computing device, wherein the computing device comprises a processor and a memory, and the processor
executes a program instruction in the memory to implement the method according to claims 1 to 11.

A computer program product, wherein the computer program product comprises a computer instruction, and a
computing device executes the computer instruction to implement the method according to claims 1 to 11.

A non-volatile computer readable storage medium, wherein the non-volatile computer readable storage medium

comprises a computer instruction, and a computing device executes the computer instruction to implement the
method according to claims 1 to 11.
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